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Silica having a large pore volume and specific surface area, controlled pore properties and also excellent 
hydrothermal resistance is provided. The silica has the following properties: (a) a pore volume of the silica is larger 
than 1 .6 ml/g and is 3.0 ml/g or less; (b) a specific surface area of the silica is between 100 and 1000 m<2>/g; (c) a 
mode pore diameter (Dmax) of the silica is 5 nm or more; (d) a value of Q<4>/Q<3> in a solid-state Si nuclear 
magnetic resonance (hereinafter called solid-state Si NMR) spectrum of the silica is 1 .2 or more; (e) the silica is 
amorphous; and (f) a total content of metal impurities in tha silica is 100 ppm or less. The silica can be suitably used 
in fields which require particularly large pore volume and specific surface area, excellent hydrothermal resistance 
moreover controlled pore properties, and also the fact that physical properties scarcely change over a long period of 
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[54] «w«*s? nft4&££»Ji£^1* 

[57] «]| 

#14: (a)^?L^^1.6ml/g, 3ml/g \>X 

T; (b)tfc*M«A 100 -lOOOmVg, (cJS^JL 
^(D^J^nm £Jl±, (d)ffl@#Si-NMR$3£ 
#JQ 4 /Q 3 {t&1.2 £i_t ; (e)$^AI, (f)^JS^f 
lOOppm KIT. ^BJltt-^tt^iSffl 
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ft *'J H 3fc 



mi/2jS 



(a) tejL&ft.kf 1. 6ml/g, 3ml/g #T 

( b ) tb&ftfc% 100 ~ 1000m7g 

( c ) ( D m ax ) £ 5nm J^Ji 

( d) $ Si - NMR SB'JJt^ Q 4 /Q 3 4Mb. 1. 2 #Ji 

( e) 

( f ) ^r>&^>^*£ lOOppm «T 

2. fr*'JJ|-# 1 ^^nJHM, *#<£*f-, to*UM?# 1.8- 
3ml/g„ 

3. l fff&m^-^fcfk, -T", *4-^^^r 200 ~ 

900m 2 /g. 

4. *i^J^i ffrtiitfj^fcjtk, & ftfcj(kT, d„) 

& 50nm 

( D aax ) #±20 % & m ft #J £ £--*P&3L$.3feti 50 % #_t„ 

50ppm 
lOppm j^T. 

8. 1 ^Jt^^Hfli^, f", |LSf*MLJ:#(Du) 

#4ft^£w.JL^L:fc# 2 ~ 40ml/g„ 

11. 10 H4fc^«^*, *#^f-, ^J^- 



02152769.5 & $| g # ^ H2/2K 



12. 10 & 11 Z^&tf W£>&tf^&-, £#fe-&f-, 
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i# m # 



HI/2431 



^£ (stishovite) , >6£afcJfc^-. # 
%L%&¥}$p Mobil '>*I^Ji£: MCM-41 £^#^JMfc;£ ( flnftfJifcjM! 

£#]i£JU&£w*LJU£ (D nax ) ^ 5nm «Ji, ^L^^: lOnm «_t, & 
*^*.i«.*lt 1.5ml/g # — fUfc^Bfr, — ACi*»^^r*i|. 
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W 45 H2/245T 



#it. (#J*» Colloids Surfaces 63, 33 ( 1992 ) ) . 

£tfr0T*£tf D Da ,£ 5nm KJitfj £ llSL^fcjfk ( JR. » «*L-=-*.4fcM ) . 

izX&&^ffc&&fi&>&ffl^%&te3ltfj7T&( *3*»,Chein. Mater. 12, 
686 - 696 ( 2000 ) Langmuir 16 ( 2), 356 ( 2000 ) f - ) . 
4£,«&ia; it 7f vk T** , it it it ft&ft&te.M*>j[*L&M¥j&&, 

*^H4fci4<W^L*.*^tt.*.-f 1.6ml/g, D. a ,#4M££, * 5nm 
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ift m 4? JH3/24K 



( a) £w3L3MK*Lf- 1. 6ml/g, fe. 3ml/g #T 

(b) *b$L&fc% 100~ 1000m 2 /g 

( c ) ( D. ai ) £ 5nm VX Ji 

(d) ^SI^Si-NMR^J^:^ Q 4 /Q 3 ^^ 1.2 

(e) #«AJ9T 

( f ) &M,&Jfc&^& lOOppm J^T 

c i ) ^£*ntfj^%it*k&j!%fe 

Si0 2 -n^o^i^ici^ ;ML9Jt, %it*k^?%i% tfjfkfH, 

1.6ml/gi£*L, £t#.&1.8ml/g#Ji, 1. 85ml/g i» JL, it 

3nl/g #T, £ttt&2. 5ml/g «T, 2. 4nl/g #T. 

18 0. 98 #fA*ilPH-*£#„ 
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U m V H4/24M 



£*h, lk$L& lOOmVg #.&200m 2 /g VXX, £ 

300m 2 /g 8t-t, 350m 2 /g it'f £ 1000m 2 /g #T, 

#.i&900m 2 /g >*T, jt#.&800m 2 /g #T, 700m 2 /g «T. *b 

j$L&&ffj&m & BET 

E. P. Barrett, L. G. Joyner, 
P. H. Haklenda, J. Amer. Chem. Soc. , vol. 73, 373 ( 1951 ) t 

i^M BJH vk*\r%-tfl&l&fr^&£,, *P*j-^lJU£ d (nm) tfj$tifr& 
^PH"* ( AV/A ( logd) , V^f^'AW*^**) , 
(D oax ) ^ 5nm >#_t„ Ji P|U&;£"##] # Pfl#] , J&1jf£ 50nm ^T, 
30nm vZT. 

fifc-j&^K &2LW^=- ^t-f-h^^jL^ (D. a J ±20% 
tlm ft &&&&&&&&& 50%#_t, 60% 

(D. ax ) Wi^^^^L-^, ^L^tf^^^ 

— ^lfci£;flJii£ BJH 
(D M1 )^f^^^^AV/A ( logd)— 2ml/g #_L, 3ml/g 
#JL, jt^j^5ml/g «Ji, it^ 40ml/g UlT, 30ml/g #T, # 

#]#,&25ml/g #T( _L;£t d nm), V ^fA^lft^ ). 

M^j^i^Av/A (logd) *tf-_Li&&gi#, t^^^^^l^J:^ 

Pp^:^©^ Si-NMR ml 
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m 1? B5/24M 



^&#f'J*#4HiE^3L -kit*.*, Si-NMR«fl 
%L, *j£«~JMiJ£tt4t# 3 ^-OSi Zk&¥j Si (Q 3 ) 4 *-OSI 
til Si (Q 4 ) Q 4 /Q 3 it^ 1.2 SIJl, <titl.4J*Ji. J5*K 

Q 4 / Q?&^*xm%&mm^£i!Lift^&mT ®fr Si-NMR 

^tGt£ ^^if^*ii.-f ^ lOOppm #T, 50ppm 

lOppm VAT , 5ppm 81 T, lppm # 

^#4t^4fc«.*^-f-«*»Hs4L**, A»*LJM«, Iw^MS^Mr 

^^-^^^^b^^^^^-f-T^^^tr^tb^^^^ 20% 
#-fc ( 20% #_L ) . 

#]#.&50% #Jl. 
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ife m 1$ 316/2451 



Jit ( 200 Jttfffl (6 , 4Mfc 

^^^^>ffi.^-5T^^^'J^ 60000hPa #Ji, 63000hPa # Ji. # *K 

Mi, w¥4UMMfc* -=-&fl&i£*^ «?&#UUfe*!;, w^-Ml*^ 
BT|i*ftfW<|fft i~4 ti4MUU^ti^**ft|l£j£&; 

ii.^^ lOOppm #T, #,&£50ppm#T, 10 ppm #T, # 

1 ppm «*T. 5S.*^#fJjT«*^*Ti*^l^— 
t * Jf H 



9 



02152769. 5 



& m 45 H7/243T 



tfft*m, ft y** it— forfait. i&J^frHH, %7&n-k*^2Lfy¥i^- 

7&i± 6MPa 6$Bfrf*J. 

7(7 30rpm #Jt, 50rpm VX Jl„ 

&&J*&4fc. ^ii^S^^^r, 2000rpm 
lOOOrpm «T. 
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& m # msm^ 



C*#^-Jt«4**iiA) * 0. 05~ lOm/s, 0. 1 ~ 5 m/s, it 

-ffci&O. 1 ~ 3 m/s. 

##^^J^^X (b/D) # 0.05-0.2, ( 0 ) 90 

°±io\ i+^it 3- 10 $¥j$t%-$L$.. 



n 
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& W V 3W24K 



4 *h»tjart^ll4bJi*-*jft3tfr*-**ta. 

T\ 30X: «T#JL. ##&*Ji*/ t £&#.tt£te 
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& m SI 10/2451 



1fr t %Jtil& J ?-itj&fe& lmm £<T, tf.&0. 5mm #T, #.&3bfMMf 

^^^^^it'f 6MPa #Ttf **fcj|£i£#*&*t«, 
#f>J4^$*^4fc — #L4fc>&. tt#*£&#&t'ft& 3 MPa til 
T, 2 MPa VXy. 

atatf, -fit, ^*ha*4^IL4bi**.*Jftt* , >^*-. ^**-f— H4fc 

i^fcjfctt***^ 0. 1 **te#Ji, M0.5fMvU, #*■] 

ft&lOOCglJL, 150X3 #Ji, ##]<ffc&170X:#.Ji#JLiI.f" 

250X3 ft&200TC#T#fi&i£tfiI.'£# 0. 1 'Mft^Ji, 

1 <Mtf-#_L, ^JLii* # 100 'J>Ht^T, 10 'Mtf #T #-&*ta. 

i^^tffl^it^^it^l. ##»#J, £-fr*T#^'J 
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& W # 3111/2451 



^Si(r^lfiL>&^*^W^**taW*.##-#--*t4»^ig, *f si flit 
6v?LjMi:£*.tftifft. fcJ&tk&giJ$Lfci&&. 100- 200X2 

fcJi&^jftiL&^^ii&ttaa^+K 

Jhfe-fl-asi&si B#si<^f ^fha&A, 0. 1~ lOOTVain, ft 

&0. 1~ 30t:/min, 0.2~ lOXVmin 

4tT«i^-gL^Afe.fha. iL^^^ft^a^jstB ^a/iL^-lSiHt^^ 
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m $ mi2/2m 



4JLi£gJ^Si-NMR QV Q 3 4t£#«-'K 

250 T^T, <tsfe200TC«T^feifeaTat^f*.**hiailt, it*-*** 
iiJL#4M^ t 0. 001%#_L, 0. 005%^-h, 

St4fct *JL**& *4fc*^. £tf)m&, ^%*it*k% 
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« m 4? mu/2m 



5MH#afr.&, 4it^i5or;iaT, £t#*& i20t:#T, loot; 

£&4l3k&it*&#*>&M+*fr4-* l Jri6, if lir 20% 
*t<t*15%«T, j£.#.&10%#T, 5 % 

atsaAitf^ or^ji, IOTC^Jl, i&ljf looter, 
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m # M14/24M 



>lM&##t *.4fcJ&&, ~&fefa%*tiL%*L%-Mtfj7!r&, 

tat*. 

600*0 #74£$4L##&» ^T^^ILi^ 900TC^S 

( 3 ) ;ML>Htt— *4fcJ&ttflife 
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ift W 4? Jgl5/245l 



*t*&4L$L, %*xi&fL¥Lih, 

A*.4A3**t«*. £*l*t«*h XJkffi^fc 

#h *#ffl^tT« 

^*.##h m&ttft^. £ 

SMtlii**!^) , **ffl*/IH5 3f*fc*tMU feM&m&ft ( 

**/i**aLi|fc*fc. Kr#i4^^^*J^). * 

& ffl it^^, t #*MS *i * *» ^ « *B 4FA.#*J 
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& W # H16/243T 



«* + *fl#&#*J9**.*K fullerene ^*5*K 

##***L4iMH. /St*, ^Jtife^ ****** ^ 

(l) ^^>f^^^*r^r^: 
l-l) &r*L5M*, &Lfr%all&&: 
m Quanthachrome/>3#) AS-1 «<]5tBET *A*L«MPS3.. 
*LJM*, \t$L&&. JMfr-iMh iw*L*L#l£.jM#ltfi*^ P/P 0 =0.98 
Bttfte, »b4Ltfl«^L#.|l P/Po=0. 1, 0.2, 0. 3 -=>K&tf fA^W*# 
BET A BJH*jj£-Ato^^*^*.*lJL^(D m ) 

Bt^^t^^^L^^. aHJt#jtetfH/f**^.&4Lfills|l&# o. 025. 

9 u J h *) ? 9 h 9200 ^gw^^TSfl 

*-fr*^-f-#BtW 10 130 Jt, 484dyne/cm, «'J 

20~ 59500psi. 
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itt m 45 rnnmn 



1-2 ) x M&titM: 

ft.J8&$fe:MS3ti& RAD-RB # CuKa M&,%M8i.&2t4t 

Jl^l^l^ l/2deg, -fMfrffcifc l/2deg, 0. 15mm„ 

1-3) &&&Jfc& : k: 

^2.5g#^rt^^LlL^^ ! -tit^, ;fa#-J.50ml„ 

ICP 4Ufc^*f . 4*iMrJ8*.fc*4Mfr. 
1-4) Si-NMR 

4it$ Bruker 3 SI NMR ( tt MSL300 " ) # ft 8t, 4t 

4 s - 59. 2MHz (7. 05 ##r4i ) * 7mm##,&<f, CP/MAS ( 5tX 
*L4fc/**i*#) *Mh at#«j«.. 5000rps„ 

Thermogalatic M5ktf$Ll&#tm.$Lft " GRAMS386". 

ifcii**-^*! # * 0*. ft*, ^jtb^^^-^b^CQVQ 3 ). 

1-5) *t*fc£.*ki*4k: 

ti^&sMiti 40 £ 60ml $-fe:F4M*ti#: 

n&feffi\%Lft&^#] 40ml JiSfciS & 200 ±1 T? # 

(2) ~|Ufc>&tf£]i£;OMfr: 
^jfejN l 

fl;^ lOOOg **.##*4fi*Jt, «^#^Jt^il^2.5m/s 

3 1400g wVJUMHfc. feJ*f-tfffitittrfc.&&tt 1 

^iSj^f J*Iig.X 50X:^^^^ 0. 5 ']>Bt, 
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$ W ^ JjU8/24M 



#tf~Jfc4fcJEk*ftJft 450g ^ 675g itA**: t, 10 ^Hf*J&, 

3*.. 

#**&*4Hfltt— No. 5A j&IMttt, #**ifcAJ5 — 

*^*jfe#.t. isjBt^^^^c^gf eoog, «*#^-Jt-fia«Lft«4f 

*JfcfrJ§ Jut S JL*#^- 

^jfe^ 2~12 
flifc— JUfcJEfe, #f]£3M*I 2~ 12 ifi^fcfk ( 

£-f*W«****l 1~12 ft^itfk, Jut^4t**^**«lt*» 
4t i #r^. M^x^MMi x MM® t^iAt^^-ti^ 

^##^M*$#4fraHTl*«iT. 2 ~ 12 
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ft m =f5 H19/24K 



UU i£— *t«#] 2> 4. 8, 10 ^^^^^i^#«t^^^,#r, m 
1 

&JBL Chem. Mater. 12, 686- 696(2000) 
rt>jfe#J 2 

CARIACT G-10 (Fuji Silysia 2 # 

Nipgel CY-200 ( « 4^H4fci£4^ i£ ) ft%tb$LW 3 # 
4£/fJ CarplexBS - 306 ( tbJ£#'J 4 — 
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ft m ft JH20/2431 



mi ( ^ i ) 







2 


%%LW 3 




5 






6 


6 


6 


6 ! 


4 


10 


■f*t}%Ll& ( mm ) 


0.3 


0.3 


5 


0.3 


0.3 


0.3 




X 


X 


X 


O 


O 


O 


«*taai ( x: ) 


150 


150 


150 


150 


150 


150 






























( D..») 1 nm] 


12.5 


13 


15 


13.8 


13.5 


15 


^Lg.^ [ ml/g ] 


14 


23 


18 


16 


13 


10 


Jfc^dJ** [ m'/g ] 


589 


669 
(250) 
(37%) 


685 


510 

(265) 
(52%) 


519 


538 


t ml/g 1 


2.01 


2.34 
(1.74) 
(74%) 


2.34 


2.01 
(1.97) 
(98%) 


1.75 


2.02 


JL I D a ax ) ±20 % 


80 


85 (68) 


88 


86 (75) 


73 


85 
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U W ^5 3I21/24K 



m i ( 412 ) 



















20 


6 


6 


6 


10 


20 


( mm) 


0.3 


0.3 


0.3 


0.3 


0.3 


0.3 


( O. JL: *) 


O 


X 


X 


O 


O 


O 


^^*hJE£iS.>$. ( TC ) 


150 


200 


200 


200 


200 


200 






























( D„.) [ nm ] 


14 


17.9 


19 


22.7 


24.3 


25 


fl^fe [ ml/g ] 


9 


11 


12 


11 


17 


10 


tt^ftfr, [ m 2 /g J 


516 


383 
(243) 
(63%) 


379 


268 
(249) 
(93%) 


269 


253 


imJL£-& [ ml/g ] 


1.8 


1.87 
(1.94) 
(104%) 


1.95 


1.85 
(1.78) 
(96%) 


2.28 


1.82 


( D. ax ) ±20 % & 


67 


76 
(72) 


80 


72 
(76) 


88 


71 
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« W & H22/2431 



&1 ( ^3 ) 









3 


>fc«.«4 






















-f- ( mm ) 










( O. Jt: x) 


- 


- 


- 


- 




- 


- 


- 


- 




- 


- 


- 


- 












£#JL4£ (D„ x ) I nm] 


10.9 


10.5 


5.2 


13.5 


*HM* [ ml/g ] 


1 8 


4 


2.5 


5.5 


^b4LA^ [ m 2 /g 3 


736 


413 


789 


332 


(*Hf- ******** 


(235) 


(64) 


(28) 


(77) 




(32%) 


(15%) 


(4%) 


(23%) 


I ml/g ] 


2.45 


1.12 


0.99 


1.24 


( &-§"******** 


(2.09) 


(1.05) 


(0.89) 


(1.05) 




(84.3%) 


(94%) 


(90%) 


(85%) 


( D BttX ) ±20% & 






















78 


47 


44 


45 


( te-f-***** 


(38) 


(36) 


(24) 


(38) 


***J&W4M*A#*> 
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itt 18 H H23/24H 



m 2 







tt¥Lifi 1 


AL 


<0.5 


1 


Ca 


<0.5 


<0.5 


Cr 


<0.5 


<0.5 


Cu 


<0.5 


<0.5 


Fe 


<0.5 


1.5 


K 


<0.5 


1.3 


Li 


<0.5 


<0.5 


Mg 


<0.5 


<0.5 


Mn 


<0.5 


<0.5 


Na 


<0.5 


12.5 


Ni 


<0.5 


<0.5 


Ti 


<0.5 


<0.5 


Zn 


<0.5 


<0.5 


Zr 


<0.5 


1A 
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Vt W # H24/245X 
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